and (6) shows that M and N satisfy M2 + MNvl + N2(vl)2 = K\
1. Introduction. The purpose of this paper is to give a physical interpretation to the several different sets of physical components of stress and strain which have been introduced in the literature by different authors and to present and interpret some new sets. The question of the physical interpretation of the physical components of stress and strain arises when one expresses the equations of mechanics involving these in a general coordinate system through the use of tensor calculus. Since the tensor form of the equations can be obtained readily, it is of practical interest to have a direct physical interpretation of the physical components which are related to the tensor quantities.
The reader is assumed to be familiar with the elements of tensor calculus as presented in the book by Synge and Schild [1] and their basic notation will be used here. All quantities are referred to the ordinary physical space which is flat and has a positive definite metric form.
2. The physical components of the stress tensor. These will be introduced through the equations of equilibrium using the four sets of components of the stress vectors which act on the faces of an infinitesimal curvilinear tetrahedron associated with the covariant (contravariant) base vectors g, (g'). When these equilibrium equations are compared with corresponding tensor equations, four different sets of physical components arise for each triad.
(a) Physical components of a vector. The four sets of physical components associated with a vector Z in general coordinates x will be divided into two groups. The first are called orthogonal components, since they are obtained by projecting the vector orthogonally onto the base vectors, and will be denoted by the capital letter 0 to the left of the base letter. Those components along the covariant or contravariant base triads which add by the vector or parallelogram law to give the original vector are called parallelogram components. They are marked with the capital letter P to the left of the base letter.
Used as subscripts (superscripts) these letters refer to components along the covariant (contravariant) base triad. The relations between the physical components XU) and the tensor components X{ , X' are shown in Table I . These were given by Ricci and Levi-Civita [2] in 1901. For orthogonal coordinates where the metric tensor a,,-= 0, for i ^ j, the four sets are identically the same. 
Also, the XU1 components are shown in Figure 1 for plane xr coordinates. Note: Unless otherwise signified the range convention is assumed to operate for all indices.
(b) Notation for the physical components of stress. Since the stress vectors associated with either triad can be resolved into the four components described above, it is possible x-curve to introduce eight distinct sets of physical components of stress. The four sets associated with the covariant (contravariant) base triad TB(TB) will be denoted by placing (ij) as subscripts (superscripts); while the letters 0 and P to the left of the base letter T have the meanings described above.
(c) The pTU) components. This set of physical components arises upon resolving the stress vectors associated with the triad TB into parallelogram components along the covariant base directions. In order to relate these to a stress tensor, the equation of force equilibrium along the xk curve will be written and compared with a corresponding tensor equation.
To carry this out, consider the infinitesimal tetrahedron associated with the triad Tb shown in Figure 2 , where the face perpendicular to the unit normal vector n will *The summation convention is not used here. be dS and the face normal to g' will be dS(i). The stress vector on the face d<S[d<S(t)] is ?[?(,->]. These elemental areas are related by the formula dS( o = w,(a"')1/2rfS.
(1)
Also, consider the components of force pTUi) d,S(i) on the face dSu). These three forces, for j -1, 2, 3, are projected onto the xk curve by multiplying by the cosine of the angle between the x' and xk directions which is akj (atia,-,)~l/2 and summing over j.
The result is 
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For the special case of orthogonal coordinates these eight sets of physical components become identical.
3. Physical components of infinitesimal strain. The material of this paragraph is presented in a form which presumes that the reader is familiar with the notation and presentation of strain as given by Green and Zerna [4] , Assuming infinitesimal strains, these authors present the physical components 
In these equations yu is the covariant strain tensor and a,,-is the metric for the undeformed state. The physical components y(ii) are changes of length per unit of length for line elements along the coordinate curves, while y(ii) is the change of angle between the covariant base vectors g{ and <?,-. Another useful set of physical components of infinitesimal strain can be obtained by considering the line elements along and the angles between the contravariant base vectors. Following the procedure used by Green and Zerna for yiU) and y(i,-) , the final expressions for the corresponding strains 7(,,) and y'"' are the following: 
For orthogonal coordinates y'"' = y(ii) and 7(,!) = y(i,> • 4. Conclusions. For stress (strain), there are eight (two) convenient sets of physical components which might be used for solving boundary value problems in elasticity involving general coordinates.
Although the results are presented for a triad tied to the xr coordinates, the same ideas can be extended to a general point using the theory of non-holonomic coordinates as explained by Truesdell [6] .
